The pathophysiological mechanisms occurring in cerebral ischaemia are multiple, complex, and incompletely understood.' However, despite the diverse aetiology for brain injury, different processes operate to cause common manifestations such a raised intracranial pressure (ICP), derangements in cerebral blood flow (CBF), and brain hypoxia.' 2 Such changes in the pathophysiological state of the cerebral tissues may be transient and last only a few minutes. Although intermittent monitoring with serial cranial imaging methods (such as enhanced computed and emission tomography) in specialised institutions3-5 provide good spatial information, they are likely to miss transient events. Also, the necessary intensive support for these precarious patients is difficult to maintain within such imaging facilities. Thus methods for assessing brain function in an uninterrupted fashion have attracted increased clinical attention,6-" particularly those that can be adapted for bedside monitoring, which reduces the need for patients' transfer.
A single monitored cerebral event, such as a period of raised ICP, may be a manifestation of various different pathophysiological changes. Cerebral swelling from ischaemia (oligaemia), and increased cerebral blood volume from hyperaemia are examples in which the contrast in pathology is extreme. Blind ICP treatment in both instances using agents such as mannitol may be beneficial in the first case, but potentially aggravate the raised ICP in the second.'2 13 Thus directing treatment according to one measured variable may be inappropriate. Similarly, whereas controlled hyperventilation has traditionally been used to treat raised ICP by encouraging reactive vasoconstriction, recent evidence suggests that in situations of cerebral oligaemia these manoeuvres can increase cerebral ischaemia and lactic acid production. 14 The purpose of this chapter is to provide an introduction to the novel methods that are available for the continuous assessment of cerebral perfusion, haemodynamics, and oxygenation. Continuous monitoring techniques for different variables concerning the health of the brain are now available, and these include measurements of ICP, cerebral perfusion pressure (CPP), jugular venous oxygen saturation (Sjo2), and cortical electrical activity.6-1" [16] [17] [18] General systems monitors, such as pulse oximetry, end tidal CO2, and temperature are clearly of importance but will not be discussed here. with differing pathologies. A measure of the metabolic response to cerebral hypoperfusion can be obtained by measuring the oxygen and T i i metabolite concentrations in the venous effluent from the brain. '5 16 nique is critically dependent on the method of application.55 Despite these drawbacks, laser Doppler flowmetry has already shown potential for blood flow measurements in several clinical disciplines including neurosurgery.11' 75 77 Using rigid support bolts which are fixed into the skull, reliable long term recordings from ventilated patients with head injury has been achieved.'0 Figure 8 (left) shows an example of a recording captured from one patient with a severe diffuse head injury during spontaneous changes in CPP. Fluctuations in ICP resulted in variations in CPP which were accompanied by changes in the laser Doppler flowmetry signal. Although cerebral events resulting in changes of CPP usually cause very similar trends in middle cerebral artery flow velocity, and laser Doppler flowmetry, uncoupling between flow velocity and laser Doppler flowmetry can occur (fig 8 (right) ).
The advantage of laser Doppler flometry is that the technique provides a real time measure of relative changes in capillary perfusion which is particularly suitable for assessing the microcirculatory response to a therapeutic challenge. Figure 9 shows the effect of mannitol infusion on cerebral microcirculatory flow in patients with head injury indicating a fall in cerebrovascular resistance with increased red cell flow independent of any significant change in CPP. ICP (fig l1) ). 11) provides credence to the finding.
As experience gathers we anticipate that certain modalities will eventually evolve as those providing the essential key information. If the errors provided by these selected modalities are acceptable, the system can be trimmed for simplicity and reliability, features which are clearly necessary before these systems gain a wider clinical acceptance.
The advantage of multimodality monitoring is the increased power of interpretation. Most patients with brain injury are treated according to general principles maintaining low ICP and adequate CPP. With increasing experience we are learning to recognise situations in which general principles of treatment may at best be inappropriate, at worst detrimental. We envisage that the future management for brain injury will become more precise and increasingly dependent on monitored information gathered real time.
